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ABSTRACT
In February 2012, ESA released the invitation for a competitive tender for the European Student Earth Orbiter
(ESEO) Phases C0/C1/D/E1. Following tender evaluation, ALMASpace S.r.l., a spin-off company from the
Microsatellites and Space Microsystems lab of the University of Bologna, was selected as system prime. The
primary objective of the ESEO project is to provide students with valuable and challenging hands-on experience
across all disciplines and throughout the project lifecycle in order to prepare a well-qualified workforce for the
future. A LEO microsatellite mission carrying payloads capable of measuring the radiation environment in orbit, test
technologies for future missions, take pictures of the Earth and/or celestial bodies, was selected as the nominal
scenario for the ESEO project. Through their microsatellite projects, the UniBO/ALMASpace joint team has
accumulated over the past 8 years a wide experience in handling educational space projects with a substantial
involvement of BSc, MSc, and PhD students from University of Bologna. This experience will be extended, through
ESEO, to a wider audience of students from 10 European universities. The paper will introduce both the approach
for the organization of the project team based on the involvement of students from many different European
Universities and the satellite concept.
phase the project philosophy was slightly changed in
that the System Prime shall make use an existing
microsatellite platform fitting ESA requirements in
order to minimize the risk of a large effort being
devoted to the design and harmonization of the
spacecraft subsystems. On the contrary, the idea is now
to maximize the participation of students belonging to
the ESEO University Network to the AIV activities at
subsystems and system level, plus participating to the
S/C operations in orbit. While the subsystems will not
be necessarily designed by students, by taking
advantage of a pre-existing microsatellite platform
design, the payloads are to be developed, qualified and
provided by universities and their student teams. This
approach still allows a direct participation of students to
the design, procurement, assembly, qualification of a
physical piece of H/W, but minimizes the risk that
potential failures or delays in the completion of a single
payload could jeopardize the entire S/C development
plan and, potentially, its launch and operations in orbit.

INTRODUCTION
“I hear and I forget; I see and I remember; I do and I
understand”. The moral of this proverb, usually
attributed to Confucius, is that you can only understand
something by trying it yourself. This seems to be
particularly suited to ESA’s Education Office hands-on
projects. Among these, the ESEO mission represents a
critical milestone being now the only on-going
microsatellite project that should be used to fully
prepare a well-qualified space workforce for the future,
being the system elements designed, developed, built,
tested and operated, to the maximum possible extent, by
European university students. ESA’s plans for this
project were slightly changed, since last project phase.
It was realized that an organization where every single
S/C subsystem was entirely designed, assembled,
verified by a University team and then delivered to an
industrial Prime Contractor was probably too complex
to be managed successfully, without increasing the
costs and the development time. In the new ESEO
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MISSION OBJECTIVES

PROJECT ORGANIZATION

The European Student Earth Orbiter (ESEO) is a microsatellite mission to Low Earth Orbit. It is being
developed, integrated, and tested by European
university students as an ESA Education Office project.
ESEO will orbit the Earth taking pictures, measuring
radiation levels and testing technologies for future
education satellite missions. It is aimed at providing
students with unparalleled hands-on experience to help
prepare a well-qualified space-engineering workforce
for Europe’s future. In particular ESEO satellite has the
following mission objectives:

The consortium assembled by ALMASpace brings
together all necessary know‐how and expertise in the
field of microsystems design, development and
manufacturing. ALMASpace will act as prime
contractor and be responsible for:

1.

to take pictures of the Earth and/or other celestial
bodies from Earth orbit for educational outreach
purposes;

2.

to provide dosimetry and space plasma
measurement in Earth orbit and its effects on
satellite components;

3.

to test technologies for future education satellite
missions.



Managing the project and, in particular, the
formal interfaces to ESA/ESTEC;



Payload selection, qualification and integration
onboard the S/C and mission implementation
management.

The University of Bologna, apart from being involved
in the S/C design and assembly, is responsible for the
educational activities and the University Network
coordination. The other universities belonging to the
ESEO network are responsible for the scientific and
technological payloads hosted onboard, the ground
segment, and other support activities to the mission
preparation. The overall consortium organization and
the interfaces with ESA/ESTEC are shown in Figure 1.

The first one will be achieved by the use of a micro
camera (uCAM) operating in the visible spectrum.
To fulfill the second objective two instruments will be
operated on board:


plasma diagnostic probe (LMP)



tri-dimensional dosimeter instrument (TRITEL)

In particular the LMP shall measure electron density
and temperature, while the TRITEL shall measure LET
spectra, absorbed dose and dose equivalent.
In order to provide high speed datalink for payload data
transmission a dedicated S-band transmitter (HSTX)
will be provided as payload complement.
The realization of third objective will consist in the
flight testing of GPS receiver for orbit determination
and a de-orbit mechanisms (DOM) to be activated in
order to comply with space debris mitigation policies.

Figure 1: ESEO Project Organization
EDUCATIONAL APPROACH
Educational activities play an important role in the
ESEO project involving more than 60 students selected
from the University Network. Student Training allows
the participants to gain both theoretical knowledge and
practical experience in the field of space system design,
and integration. The plan of student training includes
the following three segments: (a) the Lecture Course,
(b) the Training Course and (c) the Student Internships.
Three cycles of Student Training are foreseen starting
after about six from Kick-Off, where the first group of
20 students attends the Lecture Course (2 weeks) and

Functional and performance tests will be performed
during the satellite operative phase and the results
examined on ground by the design team, in order to
gain a full space qualification in view of their use on
other educational missions.
The satellite will also carry on board a payload
proposed by the AMSAT community, it will allow the
satellite to be exploited by the radio-amateur
community after the end of its operative phase.
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the Training Course (1 week). Then, students will
participate, in small groups of 5 students each, in the
Student Internship at ALMASpace facilities (4 weeks).
Once the 4 groups of five student have completed the
Internship, the second cycle and the third cycle of
Student Training will start at Month 13 and Month 20,
respectively. A total of 18 Credits, according to the
European Credit Transfer and Accumulation System
(ECTS), are granted by the University of Bologna for
the three segments of the Student Training.
LAUNCHER AND ORBIT

Figure 3: Coverage over the South Atlantic Anomaly

Although VEGA represents the baseline launch vehicle,
several additional launchers, including DNEPR,
ROCKOT and PSLV have been considered as possible
alternative candidates.
The target orbit for ESEO mission is a circular SunSynchronous Orbit (SSO) 10:30 LTAN. The orbital
parameters are reported in Table 1. In the following
graphs the representation of the orbit and the coverage
over the Areas of Interest is proposed.
Table 1:

ESEO Orbital Parameters

Orbital Parameters

Figure 4: Coverage over Europe

Mean System of Date

Semi-major axis

6904.82699 km

Eccentricity

0.00134790

Inclination

97.47884°

Ascending Node

137.34203°

Argument of Perigee

67.74183°

True Anomaly

292.25995°

In order to evaluate the performances of the coverage of
the areas of interest, the numbers of observations, as
well as the maximum revisit times of those areas have
been computed. They can be seen in the following
figures.

Figure 5: Maximum revisit time for the observed points
Figure 2: ESEO orbit, and coverage of the Areas of Interest
The interest areas (Europe and South Atlantic
Anomaly) are perfectly covered. Also, it can be
appreciated a certain overlapping on them. The
overlapping is more prominent in the Northern latitudes
of Europe, where there are even three passes over the
same places (even more, in some cases). As the South
Atlantic Anomaly occupies latitudes closer to the
Equator, the overlapping is not so remarkable.
Nevertheless, in seven days everything is covered, so it
can be observed on a weekly basis (single cycle).
Bruzzi
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SYSTEM ARCHITECTURE



S-band transmitter – HSTX;

Space Segment



GPS receiver - GPS;

The ESEO spacecraft in its current configuration is
represented in Figure 7 and the allocated mass for the
overall spacecraft is 45 kg. The system design is now
approaching the end of phase C0, consolidation of
preliminary design.



De-orbit mechanism – DOM;



AMSAT-UK payload – AMSAT;

The overall ESEO functional block diagram is reported
in Figure 8 while the envelope of the ESEO spacecraft
is represented in Figure 8 and Figure 9.

Figure 8: ESEO functional block diagram
The ESEO platform architecture is based on both
ALMASat-EO and ALMASat-1 heritage. As detailed in
the following sections two modules, namely the bus
module and the payload module, contains all the
subsystems and payloads. In particular, based on the
heritage of past missions, most of the subsystems and
their units are arranged inside aluminum trays in order
to provide physical separation, flexibility and reduced
MAIT effort. Once staked the trays compose a solid
cubic structure as in the case of ALMASat-1. Thus the
main bus is physically separated from the payloads and
integration can be performed separately. In order to
increase the overall reliability level, redundancy is
implemented for most subsystems and units. The
composite payload module is installed under the bus
module and contains most of the payloads.

Figure 7: Current configuration of ESEO
In the present baseline, the space segment for the ESEO
mission, i.e. the ESEO satellite, includes the following
subsystems:


Attitude and orbit determination and control S/S ACS;



Telemetry and Telecommand S/S - TMTC;



Onboard data handling S/S - OBDH;



Electrical power S/S - PS;



Structure S/S - STR;



Payloads.

The following payloads have been selected for the
mission:


Microcamera – uCAM;



Langmuir probe – LMP;



Tridimensional dosimeter – TRITEL;
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GPS
Antenna
AMSAT
Antenna

GPS

DOM

Figure 10: Envelope of the ESEO spacecraft - front view
TRITEL

The current ESEO platform layout is represented in
Figure 11. The composite payload module, containing
most of the payloads, has been inherited from
ALMASat-EO and the payloads arrangement is based
on the following constraints: volume and mass,
payloads performance and functional requirements,
environment, stay-out zones and instrument FOV,
accessibility during ground operations. The current
ESEO payloads layout is represented in Figure 12 and
Figure 13.

HSTX

HSTX
Antenna
LMP LDE

Figure 12: ESEO payloads layout - 1

Top Plate:
Tray 6:

TMTC Antenna
GPS Antenna
AMSAT Antenna
SS 1
SS 2
SA 5
EGSE/Umbilical Connector

TMTC

Tray 5:
GPS
MM 1
MM 2

Tray 4:
OBDH
GYRO

Tray 3:

Tray 2:

PS
PMB
BPs

RMW Assembly

Tray 1:
MPS

Payload module:
DOM

ES
MPS Tank

Lateral Panels:
SA
MC

TRITEL
uCAM

Figure 11: ESEO platform layout

Figure 13: ESEO payloads layout - 2
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Communication between sensors, actuators and ACS
subsystem is performed by the CAN bus with a
CANopen protocol.

Subsystems and Payloads
ESEO ACS actuators system is based on three
redundant orthogonal magnetic coils, that is useful for
attitude acquisition maneuvers and coarse attitude
pointing and is based on a four redundant
momentum/reaction wheels set for fine pointing. Both
the magnetic coils and the momentum/reaction wheels
have been designed and developed by ALMASpace. As
represented in Figure 14 cold-gas micropopulsion
system (MPS) has been included in order to provide
orbital control and small orbital maneuvers.

The TMTC subsystem consists of digital transceiver
electronic board (RTX), RF front-end and the antenna
network. The digital transceiver consists of a redundant
board managed by a microcontroller device whose main
goals are to receive digital telemetry data from the
OBDH board and generate the downlink signal for
transmission operation, and to receive telecommands
from the GS and send to the OBDH board the digital bit
stream. The RF front-end consists of the RF distribution
unit based on passive six-ports hybrid coupler and
circulator while High Power Amplifier and Low Noise
Amplifier will introduce the appropriate RF signal
amplification to establish reliable link with the GS. The
antenna network is a vase turnstile antenna consisting
of an array of four dipoles placed in the zenith facet as
represented in Figure 16.

Figure 14: ESEO MPS
ESEO sensors includes two redundant unit of sun
sensors fully developed by ALMASpace, two redundant
AP539 Three‐Axis Magnetometers and an Earth
Sensor. The implementation of three different attitude
sensors is necessary to provide the S/C attitude in each
mission phase (in particular for eclipse period where
sun sensors cannot be used) and hence to guarantee the
pointing accuracy to satisfy the mission requirements.
As represented in Figure 15 a set of three orthogonal
gyroscopes (Gyro-Box) have been included in order to
provide an accurate estimation of the S/C angular
velocity.

Figure 16: ESEO UHF antenna array installed on
the top plate
Mainly, the TMTC subsystem exchanges telemetry data
and telecommand with the OBDH subsystem through a
dedicated UART interface included in the electronic
board design. As each TMTC board needs to be
connected to both OBDH boards, two UART interfaces
are included. Furthermore, the redundant CAN bus are
used for communication with Power Management Unit
(PMU) board and reboot operation. The TMTC
subsystem guarantees a cold redundancy of the
transmitter and a hot redundancy of the receiver.
The OBDH subsystem consists of one main and one
redundant computer unit, based on the STM32F107
ARM microcontroller. The computer hosts both ACS
and OBDH functionalities, therefore it is equipped with
the necessary interfaces to communicate with the
subsystems and payloads. The computer unit
communicates with magnetometers, magnetic coils

Figure 15: ESEO GYRO box inside Tray 4
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control board, micropropulsion control board and
momentum/reaction wheels control board with two
independent CAN interfaces, while an additional pair of
CAN interfaces is dedicated to the data exchanges with
the payloads. Finally the computer unit is connected
with TMTC main and TMTC redundant using two
independent UART interfaces implemented with RS422 standard. Moreover, open collector digital inputs
are used to let the TMTC main and redundant set the
unit in programming mode, and to select which of the
OBDH main and redundant shall be powered on. The
OBDH functionalities are: collecting platform and
payloads housekeeping data, and generate periodic
reports to be transmitted to the ground segment; record
historical housekeeping data, for a maximum of 7 orbit
periods, to be transmitted to ground upon request;
monitor a subset of relevant housekeeping parameters
to generate errors and warnings; receive, execute or
route telecommands from the ground segment; generate
internal telecommands to manage the subsystems.
The electrical power S/S (PS) includes the following
main items: Solar Array (SA), Battery Packs (BP) and
Power Management Board (PMB). The power bus will
be of unregulated type. Based on the ALMASat
heritage the solar array will be body fixed and the
battery will be based on Li-ion cells. As represented in
Figure 11 the PS subsystem in located inside Tray 3 of
the bus module. The Main tasks of the PMB are:


Control and monitor of the power distribution and
power consumption of the units;



Monitoring the status of the solar arrays;



Monitoring the status, charge
temperature of the battery.

process

Figure 17: ESEO structure S/S based on ALMASat
platform
Concerning the payload complement, the microcamera
(uCAM) payload will provide ESEO with earth imaging
capabilities in order to satisfy mission objectives
requirements. The subsystem will be configured for
wide angle, color imaging and must produce images of
sufficient quality for FOV features to be recognizable.
The uCAM design is based upon the PICOCAM
miniature camera unit, originally developed as a generic
stand-alone imaging system for Pico-class (<1kg) LEO
satellites. Currently the generic PICOCAM design has
completed a full qualification test program, including
the successful completion of two stratospheric balloon
campaign conducted in February of 2007 and May of
2008 in cooperation with CNES. Reconfiguring
PICOCAM into the ESEO - uCAM subsystem entails
the adaptation of the instrument interfaces to comply
with the ESEO specifications. These adaptations will be
implemented as to minimize modifications to the
original PICOCAM design. In this manner the ESEO
satellite mission will also provide the first flight
heritage to what is - to the extent of our knowledge - the
smallest space qualified CCD camera in the world. The
microcamera is developed by the DTU Space –
Technical University of Denmark team.

and

The design of the PMB includes redundancy for critical
functions and interfaces with both the OBDH and
TMTC.
The ESEO structure is the adaptation of the ALMASat
platform to the specific mission objectives of the ESEO
mission. The structure is composed by a bus module,
containing all the main subsystems and a composite
payload module carrying most of the payloads. The bus
module has a tray-based architecture inherited from
ALMASat-1, ALMASat-EO and several microsatellite
platforms developed in the last 20 years. As previously
described each aluminum tray contain a specific
subsystem. The payload module is composed by
honeycomb panels and aluminum supports interfacing
with the payloads by mean of inserts. Four lateral
honeycomb panels complete the assembly and provide
the substrate for the main solar arrays.

Bruzzi
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is to investigate the solar activity. Besides analyzing the
normal characteristics of the plasma, the LMP payload
will acquire scientific data of the geomagnetic
disturbances induced by solar eruption and CME
(coronal mass ejection). These phenomena are
accompanied by ionospheric storms, characterized by
abrupt changes of the electron density. Another
important objective is to obtain more information about
plasma anomalies. The effects of the solar wind can be
analyzed by investigating the magnetic disorders and
observing the spatial and temporal extent of plasma
anomalies. Different types of anomalies are to be
observed, including the South-Atlantic anomaly, the
Equatorial anomaly, etc. These irregularities influence
the function of electrical instruments, and the density of
charged particles play an important role in heat transfer,
thus it has effect on both the space and Earth weather.
The Langmuir probe is a metallic electrode immersed to
the plasma. The experiment is based on measuring the
current-voltage curve of the probe. The expected
voltage-current curve depends on the density of ionised
particles, electron temperature and floating potential.
LMP is developed by the Budapest University of
Technology and Economics team.

detailed model of the satellite orbit, in order to generate
sub-meter satellite positioning.
The de-orbit mechanism (DOM) payload will be
deployed at the end of the mission lifetime to enlarge
the effective satellite area, thereby reducing the
required de-orbiting time. In the case of the present
device, this is achieved by deploying a sail which is
attached to coilable boom arms. The boom arms as well
as the sail are rolled up around a central spool in the
middle of the device and held in position by three
kevlar chords. Thus, the device is compactly stored in a
single unit of 100 x 100 x 60 mm before actuation. On
deployment, the kevlar chords are cut and the strain
energy stored in the boom arms during the coiling
process is transferred into kinetic energy about the
central spool, resulting in deployment. The de-orbit
mechanism is developed by the Cranfield University
team.
The primary purpose of the AMSAT payload is to
provide downlink telemetry that can be easily received
by schools for educational outreach purposes and to
encourage students to become interested in all STEM
subjects. It will provide “Signals from space directly to
the classroom”. This telemetry will be gathered by the
payload monitoring all of the required telemetry packets
being transmitted by the OBDH on the CAN bus or via
a separate interface. AMSAT-UK team will develop the
payload.

The tridimensional telescope dosimeter (TRITEL)
payload will provide ESEO with radiation
measurements and dosimetry capabilities in order to
satisfy scientific mission objectives. TRITEL has three
mutually orthogonal telescopes with six identical fully
depleted, passivated implanted planar silicon (PIPS)
detectors. The TRITEL is developed by the Centre for
Energy Research, Hungarian Academy of Sciences
team.

Ground Segment
The ESEO ground segment basic functions necessary to
establish reliable radio link for uplink and downlink
communication for the ESEO mission are:

In order to allow high data rate downlink of payloads
data a S-band high speed transmitter (HSTX) has been
installed as technological payload. The S-band
communication system is capable to transmit data to the
ground station in the 2200-2290 MHz frequency range
with higher data rates ranging up to 8 Mbps. The
technical capability are to enable downloading of data
stored in the payload memory for a time of up to 7 nocontact orbits. The S-band HSTX is developed by the
Wroclaw University of Technology team.
The University of Bologna team will provide the GPS
receiver payload for orbit determination. The GPS is
composed of three units: the receiver antenna, mounted
on the satellite top surface; the GPS based-band
processor, a COTS component which generates the
GPS observables, pseudoranges and carrier phases; the
navigation unit, a computer that executes the navigation
algorithm and provides satellite position and velocity.
The navigation algorithm is a sophisticated software
that puts together the GPS measurements with a
Bruzzi
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1.

Support to the space segment in terms of command
and control of the satellite, monitoring of the
telemetry data and management of the
communication link. In particular, this is performed
through a bidirectional link at UHF band

2.

Support to the space segment in terms of reception
of the data collected by payloads on-board the S/C
during the orbiting phase. In particular, this is
performed through a downlink connection
performed at S-band

3.

Management of the overall mission, in terms of
planning of the activities problem/conflict solving,
resource optimization, user priority handling

4.

Management of User requests, data acquisition,
archiving and delivery of the data received from
the ESEO satellite by means of co-located and/or
remotely located acquisition stations.
27th Annual AIAA/USU
Conference on Small Satellites

The ground segment infrastructure comprises the
following functional areas: Mission Exploiting Area
and Mission Programming and Control Area. Each of
the previous centers define a functional area devoted to
perform and exploit the ESEO mission from the ground
segment side.

The worldwide network of ground stations involved in
the GENSO project could be used for ESEO telemetry
and command together with the Ground Station Forli
(GSF). GENSO can offer many benefits to the ESEO
operation increasing the amount of data that can be
downlinked from ESEO taking advantage by the
suitable visibility time of each single station and,
potentially, allowing operators to command ESEO
worldwide. GENSO will offer the capability to plan and
schedule utilization of ground station resources, predict
the trajectories of the S/C over the ground station and
automate tracking and hardware control during a pass.
As the ground stations are connected together through
internet the data sharing is facilitated by an open-source
software application developed in Java.

The mission exploitation area includes Mission
Exploitation System (MIEX) and User Segment while
the Mission Programming and Control Area includes
Mission Control Centre (MCC), Mission Planning
System (MPS), Flight Dynamics System (FDS) and the
following ground stations:
1.

Ground Station Forlì (GSF), as main station for
telemetry and command

2.

Ground Station Vigo (GSV), as a backup station
for GSF

3.

Ground Station Munich (GSM), dedicated to the
reception of data collected by the on-board
payloads

However, in the case of GENSO not being fully
operational for ESEO, GSF will be the only Ground
Station for telemetry and command operation with GSV
as backup.
CONCLUSIONS

The above decomposition is of a logical nature but, in
practice, these functions may be physically grouped in
accordance with the type of missions and the GS
organization. The physical architecture of the ESEO
ground segment is reported in Figure 18.

In this paper the organization approach and the system
concept of the ESEO mission are presented focusing on
the main educational aim of the program. The design of
both space and ground segments is currently at the end
of phase C0 - preliminary design consolidation, and the
detailed design phase kick-off should take place in the
next few weeks.
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Figure 18: ESEO ground segment physical architecture
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